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0 single cycle posIUonlng eystem- 

© A single cycle positioning systenn utilising a 
three phase v/ye connected Induction Tnotor (10) 
indndes a three phase inverter (28) and a mlcropro- 
ceasor (20) icr contrDjljng the inverter to generate 
three phases of power. Pulse width modulation tech- 
niques are u^flzed Bind in response to a start signal 



the frequency of the povi^r to the motor is increased 
up to a runnlpQ Itaquapcy, and in response to a stop 
signal the frequency of the power applied io the 
motor IS decrea^ along wfth a corresponding re- 
duction Of the voltage applied to the motor. 
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This Invention relates to positioning system? 
and. more particularly, to an fmpfov/ad singid cycid 
positioning syatsm which utilizes an Induction mo" 
tor to accufateiy position a cycjicly moval>to mem- 
k)er at a precise location wittijn its movement cycle 
accordfnQ to the prdam|a|e of claim 1. 

There are numerous machines where a mem- 
t^er is cycHcly 4nven and If la required to stop the 
member at a preciaa location within Its positional 
cycje. One such type of machine is a crimpiOQ 
press which is ut'Iized repetitively to attach elec- 
trical terminals to the ends of wires. U.S. Patent 
No. 3.349^308 discloses one such machine wherejn 
a ram is coupled to a shaft and, during each single 
revolution of the shaft, the ram is moved downwar- 
dly and ttien {sack to its initial position thereby to 
move a cdmping die on the end of the ram into 
engaoement with a terminal. The sfiaft Is coupled 
through a eingle revolution dutch to a flywheel 
which Is continuously driven by a continuously 
operated motor. When it is c|esired to crjmp a 
terrriinal or^to a wire, the single ravolution dutch is 
engaged to drjva the shaft ihroqph a single revolve 
tion so th^t the ram is moved through Its cycle. 

While the aforedfiscrjbed anangement Is effec- 
tive for its intended purpose. It suffers from a 
number of disadvantages. TTiua, for example, the 
continuous running of tiie motor is wasteful of 
electrical energy and results in the generation of 
heat Also, ti^e use of a single revolution cfutch 
causes noise and vibration- Further, the dutch has 
to be properly maintained and worn parts replaced. 

It Is therefore an object of the present invention 
to provide a single cycle positioning system which 
dubstitutes electronic control for a single revcslution 
clutch. 

Positionlrig systems utilizing ssrvo motors are 
known. However, due to the type of motor required, 
such systems tend to be e)qpensive« It is therefore 
another object of tiie presefit Invention to provide a 
positioning system of the type described which 
utilizes a relatively fne^^pensive induction motor. 

The foregoing, and additional. ob]ects are a^ 
talned in accordance with the principles of this 
invention by providing a single cycle positioning 
system which utilizes a three phase wye connected 
induction meter and comprises a source of DC 
power, a movable nisnnber coupled to the motor for 
controlled cyclical movemsnt thereby, means for 
providing a start signal to Initiate movement of the 
member, means assodatdd with tiie member for 
providing a stop signal when the member Is at a 
predetenmlned position within its cycle of move^ 
rnent, and controllable inverter means connected 
between the source of DC power and the tiiree 
phas^ windings of the motor for selectively provid- 
ing connectione between the DC power source ancj 
the three phase windings of the motor. There Is 



further provided control means which is coupled to 
receive ttie start signal and the stop signal for, 
controlling the Inverter means. The control means 
IS effective in rssponse to the start signal for con- 
s trolling the inverter means so as to generate from 
the source of DC power three substantially 
sinMsoidat phases of AC power which are apptisd 
to respective ones of the three phase windings of 
tiie motor. The control moans is effective in re- 
to sponse to the stop signal for controlling the Inverter 
means to affect a dynamic braldng of the motor so 
that the moveable member comas to rest at a 
desired position within a deflned range of tiia pre- 
detennined position. 
7S In accordance with an aspect of tiiis invention, 
the control means is operative In response to the 
start signal for applying AC power to tiie motor at a 
frequency which increases up to a predetermined 
frequency, and thereafter maintaining tiie flrequen- 
20 cy of the AC power at the predetenmined frequency 
until receipt of the stop signal. 

In accordance with another aspect of this in- 
vention r the control means is operative in response 
to the stop signal for decreasing the frequency of 
Z& the AC power applied to the motor down fram the 
predetermined frequency. 

In accordance with a further aspect of this 
invention, the control means is effective to maintain 
tiie voltage applied to the motor at a predetermined 
30 value from receipt of the start signal until receipt of 
tiie stop signal. 

In accordance with yet another aspect of this 
invention, the control means is effective after re- 
ceipt of the stop Signal to reduce tiie voltage ap- 
35 plied to the motor relative to tiie predetermined 
value as a function of the ratio of the applied 
frequency to the predetermined frequancy. 

This inventtcn w||| now t^ described with refer- 
ence to tiie accompanying drawings In which: 
-M FIGURES 1 A and 1 B, when taken togatiier, farm 
a block diagram of an illustrative embodiment of 
a single cyclQ positioning system corseted in 
accordance with the principles of this invention; 
FIGURE 2 shows a table of Illustrative pulse 
45 widtti modulation values utilized in the system 
shown in FItS. 1; FIGURE 3 is a cun/e plotted in 
acooitlance with the values in the tab[e of FIG. 
2j 

RQURE 4 schematically illustrates the form of 
sp the voltages applied to tiie tiiree phases of the 
motor In accordance with the principles of this 
Invention; 

FIGURE 5 lltustrates the variation In the fre- 
quency of the AC power applied to the motor jn 
55 accordance with the principles of this invention: 
and 

FIGURES 6A-6D are flow charts useful for un- 
derstanding the operation of tiie system accord'* 
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(ng to this invention, 

Flguras 1 A and IB together show a system tor 
controlling a ttiree phase wye connected Induction 
motor 10 90 that a movable member coupled 
thereto, iflustratlvaly the shaft 12, partakes of a 
single cycle of moyement Thus, associated with 
the shaft 12 is a home switch 14 which is closed 
whenever the shaft 12 attains a predatomained an- 
gular orientation, as illustrated herein, the movabte 
member |s the shaft 12. However, it is understood 
that the movable member can be any type of 
member which is controlled by the motor 10 for 
cyclical movement, such asi tor exampta, a re^ 
ciprocatory element Further, although the Y\Qtt\& 
switch 14 id illustrated as being a simple single 
pole single throw switch, other types of switches 
may also be utilized as the home swttch 14 such 
as, for example, a magnetic reed switch or a Hall 
enact sensing davlcs. In any event, there is a 
coupling mec^nlsm. such as reduction geanng* 
between the motor 10 and the movable member 12 
whereby the movable member 12 partakes of a 
single cycle of movement when the motor 10 
makes some predetemiined nqmber of revolutions. 

Movement pf the member 12 is initiated in 
response to closure of the switch 16 which may be. 
Illustratively, a foot operated switch when the dis- 
closed system Is utilized in the envfronment of a 
crimping press of the general type disclosed in the 
afbrereferenced U,S. Patent No- 3,343,398. Closure 
of the toot switch 16 resutts in the genemtian of a 
start stgnal on the lead IS to ttia microprocessor 
20 via the opbHsolator 22. Similarly, closund of the 
home switch 14 results in the generation of a stop 
signal or) the lead 24 to the microprocessor 20 via 
the opto^solator 26, As wjll be described 
hereinafter, the microprocessor 20 responds to the 
start and stop signals on the leads 18 and 24, 
respectively, to control the three phase Inverter 28 
to supply power to the three phase windings 30i 32 
and 34 of the motor 10 so that the shaft 12 par- 
takes of a single ravolut'on. 

The microprocessor 213 Illustratively is a type 
80C51FA microprocessor maniifacftured by Intel 
Corporation, which type of microprocessor has 
pulse w'rdth modulation capapi|rty buitf into it Thus, 
within the microprocessor 20 are several dedicated 
pgise width modulation registers, three of which are 
utilized by th? inventive system - one for each 
phase of the motor 10. AssQciatod with each of 
those registers is a counter which is Incremented 
by a clocic Illustratively, each of the registers and 
counters! is 8 bft? (n length so that It contains a 
number from 0 through 255. The coMntar is config- 
ured so that in response to IncominQ clock pulses, 
it counts from 0 up to 255 and then rolls over to 0 
again. At each clock pulse, the value that Is in each 
register is compared to the count in the associated 



counter. If the count Is less than or equal to the 
value in the register^ then an associated pulse 
width modulation (PWM) output from the micropro- 
cessor 20 is low, When the count exceeds the 
6 value in the register, the associated PWM output 
goes high. In effect, each PWtwl output from the 
microprocessor 20 is a square wave whose duty 
cycle is determined by the value whiqh had been 
pre-loaded into its associated register. 

TO The clock pulses utilised for the aforedescrjbed 
pulse w)^ modulation are provided by the pnDg-* 
rammable timer 36. The timer 36 lllu^rativeiy is a 
type 82C54 programm^lsle counting array manu- 
factured by Intel Corporation. The programmable 

IS feature of the timer 36 is ttie frequency at which 
the dock pulses are provided on tihie lead 3& This 
frequency is determined by signals provided from 
the microprocessor 20 on the leads 40. 

Tlie aforedescrlbed PWM outputs from the 

20 microprocessor 20 appear on the leads 42, 44, and 
46, for the three windings 30, 32 and 34. respec- 
tively, of the motor 10. As will be described in full 
detail hereinafter, the duty cycle square wave sig- 
nals on the leads 4Z, 44 and 48 are utilized in 

£9 conjunction with selection output signals on the 
ieacjs 4a, 50 and 52 to control the inverter 28. 

The inverter 28 is connaeted to a DC power 
supply 54, iljustrativety 170 volts, and to the three 
phase windings 30, 32 and 34 of the motor 10. The 

so inverter 28 includes ttiree pairs of transistors, one 
pair for each of (he windings 30, 32 and 34* Thus, 
associated with the winding 30 is a high transistor 
56 and a low transistor 58; associHted with the 
winding 32 is a high transistor BO and a low transis- 

35 tor 62: and associated with tii© winding 34 is a high 
transistor $4 apd a low transistor 66. To run the 
motor 10, eltiier (1) one of the high transistors 59, 
60 and 64 is tumed on and two of tiia ksw transis- 
tors 66, 62 and 66 are tumed on, or (2) one of tne 

40 low transistors sa, 62 and 68 is turned on and two 
of the high transistors 56, 60 and 64 are turned on. 
However, at no time are both of the transistors in 
the pair associated vinth e particular one of tiie 
wintSngs 30^ 32 and 34 tumed on simultaneously, 

45 because in that case there would be a short circuit 
acnsss the DC supply 54. Thus, for example, a 
valid combination would be to turn on the transis- 
tors 56, 02 and 66, In that case, current would now 
from the DC supply 54, ttirough the transistor 56, 

50 through the winding 30, through the two windings 
32 and 34, and through the transistors 62 and 66 to 
ground. By selectively controlling tiio transistors 
58, 58. 60, BZ, 64 and 66, a rotating magnetic field 
can be set up [n the motor 10 to cause it to turn, as 

55 is well known in tfie art. 

OptD-isolators 68-1, 68-2. 68-3. 63-4, 60-5 and 
68^ are provided to isolate tiie high voltages in the 
Inverter 28 from the low control voltages. These 
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control voltages are provided on the leads 70, 72, 
74, 7$, 78 and 80. The signets on the leeds 72, 76 
and 80 control the high transistors SB, 60 and 64, 
respectively, and the signals on the leads 70, 74 
and 78 control the low transistors 58, 02 and 66, 
respectively. 

The PWM output leads 42, 44 and 48 from the 
microprocessor 20 are connected to the router 
circuits 82-1 , 82x2 and 62-^, respectively. TTie oth- 
er inputs to the router circuits 82-1, 82-2 and 62-3 
are the selection leads 46, 5Q and 52. respectively, 
from the microprocessor 20, Thus, ihe signal on 
each of the selection l^s 48, 50 and 52 deter- 
mines which of the bran&Istors in each pair for each 
winding (1.e., which of the transistors 56 and 58, 
which of the transistors 60 and 62, and which of 
the transistors 64 and 86) is turned on and the 
corresponding PWM output lead 42, 44 or 46 d&- 
tarmjnas the conductive duty cycje. 

The microprocessor 20, in accordance with an 
internally stored program and data, utilizes its in- 
herent pulse wtc|th modulation capability to provide 
appropfiata signals on its pulse width modulation 
output leads 42, 44 and 48 and on its selection 
leads 48. 50 and 52 to control the inverter 28 so 
that three sut^antia|ly sinusoidal phases of AC 
power are applied io the three pha^e windings 30, 
32 and 34 of the motor 10 to cause it to go from an 
at rest condition in response to a start signal on the 
lead 18 so as to move the shaft 12 through a single 
revolution. The fbregolng Is accomplished accord- 
ing to the present jnverrtion by controlling the mo- 
tor 10 to run in three stages. The first stage is the 
acceleration stage; the second stage Is the mn 
stage; and the third stage is the deceleration stage. 

The motor 10 is rated to be supplied with three 
phase AC power at a frequency of 60 Herte. It has 
been found that to acceterata the motor rt is better 
to gradually increase the frequency of the AC pOYh 
er up to 60 Heriz rather than to immediataty apply 
power at 60 Hertz. TTis motor's Oinning speed is 
more quicMy attained In this matter. Thus, as 
shown in Fgure s, upon receipt of the start signal 
on the lead 10, due to closure of the foot ayritch 16, 
the frequency of the AC power applied to the motor 
10 is gradually increased from 0 up to 6Q Hertz. 
This IS the acceleration stage, Dunpg the run stage, 
the frequency is nnalntained at 60 Hertz. The run 
stage temalnatesi and the deceleration stsge 
gins, upon receipt of the atop signal on the lead 24 
due to closure of the home switch 14^ 

Induction motors can be dynamically braked by 
fixing the internal magnetic field in sp^ce. However, 
it has jsoen found that more predictable stopping is 
achieved with dynamic braking if the deceleration 
is controlled by reducing the frequency of the 
power applied to the motor 10. However, while the 
increase (n frequency relaQve to time during tho 
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acceleration Stage Is substantially linear, the de^ 
crease In frequency relative to time during the 
deceleration stage preferably is substantially para- 
bolic, as shov^ in Rgure 5. Generally, when an 

5 induction motor rated at a particular frequency Is 
run at a lower frequency, the voltage is proportion- 
ately reduced. Thus, for example, if the motor 10 is 
3 60 Hertz 120 volts RM& motor mnning at 30 
Hertz, it Is conventional to reduce the voltage to 60 

10 volts RMS. However, in accordance with tills Inven- 
tion, it is contemplated that during the acceleration 
stage the voltage may not have to bs reduced even 
though the frequency is less than the rated fre^ 
quency. it is thought tiiat ti^ia pemnits the motor 10 

7S to come up to speed more quickly. However, dur- 
ing the deceleration stage, the motor vottage is 
reduced |n proportion to the fraquer^y. 

Figure 6A Illustrates the overall operatjon of the 
system according to tiie pre&ent Invention. Thus, 

iO after the foot switch 16 is operated, the system 
enters the acceleration stage where the inverter 28 
is controlled to supply power to the motor 10 at a 
frequency wKich incr^eases to 60 Hertz. Ne^ti the 
system enters the mn stage where the inverter 2d 

26 is controlled to supply power to the motor at 60 
Hertz. The system remains In the mn stage until 
the horpa switch 14 Is operated. At that time, the 
system enters the deceleration stage where tfie 
inverter 2B Is controlled to supply power to tha 

30 rtwtor 10 at a frequency which dficresses while the 
voltage is reduced as a function of the frequency. 
The location of the home switch 14 relative to the 
stopping position of the shaft 12 Is such that the 
deceleration stage causes the shaft 12 to stop 

35 within an acceptable tolerance of tiie desired posi- 
tion. 

The duty cycles of tine signals on the PWIVI 
output leads 42, 44 and 46 are determined in 
accordance vyith the tebje of Figure 2 and the 

40 frequency of the power applied to the motor 10 is 
determined by the the frequency of the clock 
pulses on the lead 36 from ti^ timer 36, as pro- 
grammed by the signals on the leads 40. Refemng 
to Figure 2, within tiie micrDpfocassor 20 there Is 

<5 stored a pulse width modulation table >ytth 24 op 
dered pulse wic^tii modulation (PWM) values. Each 
of tiiose values U addressed in accordance wfth 
Xt\Q value of a pointer, which can vary from 0 
through 23, The PWM value determines duty cycte, 

50 and can vary from o to 255, with a value of 255 
being equated witii a 100% duty cycle. The micr^ 
processor 20 sequences through the table of Fig- 
ure 2 by decren>enting the pointer value and Figure 
3 is a curve showing the PWM value aa a Function 

55 of the pointer value. ThuSi when the pointer value 
is 22, th^ PWM value (s 115, which equates to a 
duty cycle of 45%. 
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By sequencing throMQh thfl tabia of Rgurft 2 for 
each of the phases of Ihe rnotor 10 and by select- 
ing the appropiiate high or low transistor for each 
of the motor windings, three substantially slnpsoidal 
phases of AC power can lp& generated, as shown in 
Rgure 4, ^ch of the phases has its own pointer 
Between the limes and ti , for phase A (i.e., the 
winding 30). the A pointer Is decremented from 15 
to 8 and the high transistor rs turned on fully. 
During that same thne. for phase ^ the B pointer is 
decremented from 7 to 0 and the low transistor Is 
turned on and pulse width modu[at9d in a dacreas- 
ing manner, F^r phase C, the C pointer is de- 
cremented from 23 to 16 and the low transistor is 
tumed on and pulse width modulated in an Increas- 
ing manner. Then, for the time from ti to ta, for 
phase A the A pointer is decremented from 7 to 0 
and the high transistor Is turned on and pulse width 
modulated In a decraasfng manner. For phase B, 
the B pointer is decremented from 23 to 16 and the 
high transistor Is turned on and pulse width modu- 
lated in an increasirrg manner. For phase Ci the C 
pointer Is decremented from IS io 8 and tfie low 
transistor is turned on fully. This operation contin- 
ues so as to generate the thrae subatantiaify 
sinusadal phases of AC power. 

As previously discussed, ^ microprocessor 
20 tnciudes a pulse width modulation counter and 
several pulse width modulation registers, of which 
three ara utilized* In i^sponse to clock pu|ses on 
the lead from tha timer 36, the counter counts 
up from 0 to 255. In response to the nei^ clock 
pulse the counter rolls over to 0 and at the eame 
time generates an Interrupt signal. As shown in 
Rgurs BB, when the foot switch 16 Is operated, the 
microprocessor 20 sets an Initial pointer value for 
each of (he three phs^ses, Since the three phases 
must |M offset by 120 degrees. t|ie initial pointer 
values are staggered one third of the way through 
the table of Rgure 2. Tlius, UlustratlvBly, the initial 
pointer value for phase A may be 15, the initial 
pointer value for phase 8 may be 7, and the Initial 
pointer value for phase C may be 23. At the same 
time that the Initial pointer values are set. the PWM 
counter is set to one fess than the value that 
causes an ii^tenrtjpt sjgnal to be generated. Thus, 
ff^e PWM counter is set to 355. 

Figure 6C illusfFates, for one of the phases, 
how the pulse width modulation operates. When a 
pulse is received on the lead 38 from the timer 36, 
the PWM counter is incronwntedt A check Is made 
to see If the count Is 0. If yes, then the interrupt 
signal is generated. In any case, the count is 
compar0d with the PWM va{ue that |s stored in the 
PWM register. If the count is greater than the PWM 
value, the transistor that had been on for that phase 
Is turned off. If the coum |s not greater than the 
pWM vaiMB, then the selected transistor for that 



phase Is controlled to be conductive. Rgure GD 
illustrates how the PWM value is obtained and 
placed in the PWM register- Upon the occunence 
of an interrupt signal, the pointer is checked to see 

fi if rt is 0. If ^e pointer is 0, it is set to 24 and the 
other transistor of the pair for that phase is se- 
lected. Then the pointer is deoremonted. If the 
pointer had not been equal to 0, then It Is merely 
decremented. The painter is used to obtain the 

10 PWM value from the tat^ie of Figure 2. The PWM 
v^tue is then placed in the PWM register. 

In summary^ each cycle of the AC power is 
divided into 48 steps. During those AS steps, the 
pointer sequences through the table of Figure 2 

re twice, once wfth one of the transistors of each 
phase pair selected and once with the other tran- 
sistor or each phase pair selected. Each of those 
46 steps is rtsatf subdividect into 266 parts and the 
selected transistor Is turned on for as many of 

30 l^vasQ parts out of ttie 256 as |s determined by ttie 
PWM value placed rn the PWM register. 

The foregoing pulse width modulation operation 
is unvarying during the running of the motor 10. 
One thing that does vary, however, is that during 

zs the acceleration stage, the frequency of the pulses 
fram the timer 36 gradually increases up to a 
frequency which results in AC power at 60 Hertz 
being supplied to the motor 10. Thus, since there 
are ^56 parts within ^ steps of a single cycle, for 
60 Hertz this equates to a pulse rate of 737,^60 
pulses per second from the timer 36. The micro- 
processor 20 provides signals to the timer 36 over 
the leads 40 to control this pulse rate, Dunng the 
acceleration stage, the pulse rate increases and 

as during the deceleratian stage the pulse rats de- 
creases. Preferably, as illustrated in Figure 5, dur- 
ing the acceferatian a|ago the increase in fnsqwon- 
cy ts linear and during the deceleration stage the 
decrease in frequency is parabolic. Another v^ri- 

^ able Is the RMS voltage applied to the motor 10. 
This voltage may be constant during tf^e accelera- 
tion stage and is constant during the rgn stage, but 
decreases during the deceleration stage. Accord- 
ingly, during the deceleration stage, the PWM val- 

49 ues are reduced by a factor corresponding to the 
ratio of the frequency of the power applied to the 
motor 10 to the nmnlng frequency of 60 Herts, 
thereby lowering the duty cycles and reducing the 
applject voltage. 

50 It Is further been found to be beneficial to 
stopping the motor for effecting a DC braking at 
the end of the dacaleration stage. Thus, after the 
frequency has reached zero at the end of the 
deceleration stage, it has been found effective ip 

fis set up a fixed (in space) field in tfie motor windings 
30, 32 and ^ for a pen'od of about 80 milliseconds 
using a PWM value of sixty (60). 
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AccGfclingly, there has been dMoaed an Im- 
proved positioning system which utilizes an induc- 
tion motor to accurately position a cyclicly movabte 
memtjer at a precise location within its movement 
cycle, ft is understood (het the above^lescribed 
em^sodlment is merely illustrative of the appliisaaon 
of the principles of this Invention. Numerous other 
arrangements may be devieed by those sklirod in 
the an without departing from the spirit and scope 
of this invention, as depned by the appended 
claims. 

Clalnos 

1,. A single cyde positioning systern unnzing a 
three phase wye connected induction motor 
(10), comprising: 

a source of DC power: 

a nKivable member (12) coupled to said . 
motor (10) for controlled cyciical movemem 
thereby; 

TTieaiw (16) for providing a start signal to 
Initiate movernent of said member 

means (14) assoctated with said member 
for providing d stop signal when said member 
is at a predetsrrnined position within Its cyde 
of movement; 

controllable three phase inverter means 
(28) connected between sajd source of DC 
power and the three phase windings of said 
motor for selectively providing connections be- 
tween s^d DC power source and the three 
phase windings of safd motor; and 

control means {zq) coupled to receive said 
start signal and said stop signal for controlling 
said Inverter means, ss^d control means being 
effective in response to said start signal for 
controlling said inverter me^ns so as Id gen- 
erate from said source of DC power three 
substantially sinusoidal phases of AC power 
which ana applied to respective ones o1 the 
three phase windings Of Sdid motor, said con- 
trol means being effective In response to said 
stop signal for confrolUng said inverter means 
to effect a dynamic braiqng of said nriotor so 
thai said movable member comes to rest at a 
desired position within a defined range of said 
predetermined positron, 

2, The system according to Claim 1 character- 
teed In that said control means (ao) is oper- 
ative {n response to said start sjgnal for apply- 
ing AC powsr to thfi motor windings at a 
frequency which increases from zero up to a 
predetemnined frequency, and thereafter main- 
taining the frequency of said AC power at said 
predetermined frequency until receipt of said 
stop signal. 
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a. The system accordirtg to claim 1 or 2 char- 
actsrlzed in that said control means (SO) is 
operative In response to said stop signal for 
decreasing the frequency of the AC power 
6 applied to said motor windings down to zero 
from said predetermiried frequency, 

4. The system according to claim 1, 2 of 3 char- 
acterized in that said control means (20) Is 
TO effectlva to maintain the voltage applied to said 
motor windings at a predetermined value from 
receipt of said skart signal until receipt of said 
stop signal. 

rs 5. The system according to any of clams 1 to 4 
characterized In that said control m^^s (20) Is 
effective after receipt of said stop signal to 
reduce the voltage applied to sajd motor win- 
dings relative to said predetermined value as a 

:tQ function of the ratio of the applied frequency to 
the predetermined frequency, 

6, The system according to Claim 5 character- 
ized in that s^ control means (20) includes a 

25 programmed microprocessor haying a table 

storing pMlse width modulation values used for 
ganei'^ting substantially sinusoidal signals for 
controlling said inverter means, said micropro- 
cesser reducing said pulse width modulation 

30 values to effect reduction of the voltage ap- 

plied to said motor windings after nsceipt of 
said stop signal. 

7. TTio system according to any of claims 2 to 6 
as characterized in that said control means (20) is 

operas to increase the frequency ot said AC 
power linearly In response to said start signal. 

a. The system according to any of claims 3 to 7 
<Q characterized In that said control means (20) is 
operative to decrease the frequency of said AC 
power parabollcally in response to said stop 
signal. 

45 9- The system according to any of claims 3 to 8 
characterized in that said control meaps (20) js 
operative after the frequency of the AC power 
has decreased to zero In response to s^id stop 
signal for thereafter controlling said inverter 

50 means tp set qp a fixed magnetic field in said 

motor for a prBdoteimined time. 
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